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RADIO BASE STATION APPARATUS,
MOBILE TERMINAL APPARATUS AND
RADIO COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 13/977,751 filed Jul. 1, 2013.
Accordingly, this application claims benefit of U.S. patent
application Ser. No. 13/977,751 under 35 U.S.C. §120. U.S.
patent application Ser. No. 13/977,751 is hereby incorpo-
rated by reference in its entirety. The disclosure of Japanese
Patent Application No. 2011-001419, filed on Jan. 6, 2011,
including the specification, drawings, and abstract, is incor-
porated herein by reference in its entirety.

TECHNICAL FIELD

The present invention relates to a radio base station
apparatus, a mobile terminal apparatus and a radio commu-
nication method in a next-generation mobile communication
system.

BACKGROUND

In a UMTS (Universal Mobile Telecommunications Sys-
tem) network, for the purposes of improving spectral effi-
ciency and improving the data rates, system features based
on W-CDMA (Wideband Code Division Multiple Access)
are maximized by adopting HSDPA (High Speed Downlink
Packet Access) and HSUPA (High Speed Uplink Packet
Access). For this UMTS network, for the purposes of further
increasing high-speed data rates, providing low delay and so
on, long-term evolution (LTE) has been under study (see, for
example, Non-Patent Literature 1).

In a third-generation system, it is possible to achieve a
transmission rate of maximum approximately 2 Mbps on the
downlink by using a fixed band of approximately 5 MHz.
Meanwhile, in the LTE system, it is possible to achieve a
transmission rate of about maximum 300 Mbps on the
downlink and about 75 Mbps on the uplink by using a
variable band which ranges from 1.4 MHz to 20 MHz.
Furthermore, in the UMTS network, for the purpose of
achieving further broadbandization and higher speed, suc-
cessor systems to LTE have been under study (for example,
LTE Advanced (LTE-A)). Accordingly, in the future, it is
expected that these multiple mobile communication systems
will coexist, and configurations (radio base station appara-
tus, mobile terminal apparatus, etc.) that are capable of
supporting these multiple systems will become necessary.

In the downlink of the LTE-A system, it has been decided
to use a cell-common CSI-RS (Channel State Information-
Reference Signal) for channel quality measurement. This
CSI-RS is multiplexed at a lower density and over a longer
period as compared to the CRS (Cell-specific Reference
Signal) defined in the LTE system. And, in a subframe into
which this CSI-RS is inserted, REs (Resource Elements) of
PDSCH (Physical Downlink Shared Channel) are mapped in
such a manner as to surround REs including the CSI-RS.

CITATION LIST
Non Patent Literature
Non-Patent Literature 1: 3GPP, TR25.912 (V7.1.0), “Fea-

sibility study for Evolved UTRA and UTRAN”, September
2006
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2
SUMMARY

In measurement of channel quality using a CSI-RS,
measurement accuracy is sometimes deteriorated due to data
interference from other cells. As described above, the CSI-
RS is multiplexed at a low density and over a long period,
it is necessary to protect the CSI-RS from the data interfer-
ence from other cells. As a method for protecting the
CSI-RS, there has been studied muting such that no user data
is assigned to radio resources corresponding to CSI-RSs of
another cells. In performing muting, a radio base station
apparatus of a connected cell notifies the mobile terminal
apparatus of information of CSI-RS position and muting
position.

In the meantime, there has been studied, in LTE Rel-11 or
later, coordinated multi-point transmission/reception
(COMP) that is a technique to realize inter-cell orthogonal-
ization for improving the system performance, though it is
not supported in LTE Rel-10. CoMP is an inter-cell coordi-
nation technique and inter-cell coordination is needed even
when the CSI-RS is protected as described above (other-cell
interference mitigation measures).

The present invention was carried out in view of the
foregoing and aims to provide a radio base station apparatus,
a mobile terminal apparatus and a radio communication
method capable of taking other-cell interference mitigation
measures even in consideration of inter-cell coordination
like CoMP.

The present invention provides a radio base station appa-
ratus comprising: a generating section configured to gener-
ate notification information including subframe information
of a cell and subframe information of another cell; and a
transmitting section configured to transmit the notification
information to a mobile terminal apparatus connected to the
cell as a connected cell.

The present invention further provides a mobile terminal
apparatus comprising: a receiving section configured to
receive notification information including subframe infor-
mation of a connected cell and subframe information of
another cell; and a channel quality measuring section con-
figured to measure channel quality of the connected cell with
use of the subframe information of the connected cell and to
measure channel quality of another cell with use of the
subframe information of another cell.

The present invention further provides a radio communi-
cation method comprising the steps of: in a radio base station
apparatus, generating notification information including
subframe information of a serving cell and subframe infor-
mation of another cell; and transmitting the notification
information to a mobile terminal apparatus connected to the
serving cell as a connected cell; and in the mobile terminal
apparatus, receiving the notification information including
the subframe information of the connected cell and the
subframe information of another cell; and measuring chan-
nel quality of the connected cell with use of the subframe
information of the connected cell and measuring channel
quality of another cell with use of the subframe information
of another cell.

According to the present invention, as notification infor-
mation containing the subframe information of the serving
cell and the subframe information of another cell is trans-
mitted from the radio base station apparatus to the mobile
terminal apparatus, it is possible for the mobile terminal
apparatus to obtain the subframe information of another cell
in addition to the subframe information of the serving cell.
Therefore, it is possible to take other-cell interference miti-
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gation measures even in consideration of the inter-cell
coordination technique like CoMP.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A, 1B, and 1C provide diagrams each for explain-
ing a CSI-RS allocation pattern in a resource block in
accordance with one or more embodiments of the invention.

FIGS. 2A and 2B provide diagrams each for explaining
muting in CQI measurement using CSI-RSs in accordance
with one or more embodiments of the invention.

FIG. 3 is a diagram illustrating an example of a muting
notifying method in accordance with one or more embodi-
ments of the invention.

FIG. 4 is a diagram for explaining CSI-RS transmission/
muting of a serving cell and another cell in accordance with
one or more embodiments of the invention.

FIG. 5 is a sequence diagram for transmitting notification
information in an individual signal in accordance with one
or more embodiments of the invention.

FIG. 6 is a sequence diagram for transmitting notification
information in an individual signal in accordance with one
or more embodiments of the invention.

FIG. 7 is a diagram for explaining a system configuration
of'a radio communication system in accordance with one or
more embodiments of the invention.

FIG. 8 is a diagram for explaining an overall configuration
of a radio base station apparatus in accordance with one or
more embodiments of the invention.

FIG. 9 is a diagram for explaining an overall configuration
of a mobile terminal apparatus in accordance with one or
more embodiments of the invention.

FIG. 10 is a functional block diagram of the radio base
station apparatus according to the radio communication
method in accordance with one or more embodiments of the
invention.

FIG. 11 is a functional block diagram of the mobile
terminal apparatus according to the radio communication
method in accordance with one or more embodiments of the
invention.

DETAILED DESCRIPTION

First description is made, with reference to FIG. 1, about
a CSI-RS that is one of reference signals employed in a
successor system to the LTE system. The CSI-RS is a
reference signal used in measurement of a channel state (CSI
measurement) such as CQI (Channel Quality Indicator),
PMI (Precoding Matrix Indicator) or RI (Rank Indicator).
Different from CRS that is assigned to every subframe, the
CSI-RS is assigned at predetermined intervals, for example,
at intervals of 10 subframes. And, the CSI-RS is specified by
parameters of position, sequence and transmission power.
The position of the CSI-RS includes a subframe offset,
period, subcarrier-symbol offset (index).

The CSI-RS is assigned, in one resource block defined in
LTE, in such a manner as not to overlap control signals such
as PDCCH (Physical Downlink Control CHannel) signals,
user data such as PDSCH (Physical Downlink Shared CHan-
nel) signals, other reference signals such as DM-RSs (De-
modulation-Reference Signals) and CRSs (Cell-specific
Reference Signals). One resource block is composed of 12
consecutive subcarriers in the frequency direction and 14
consecutive symbols in the time axis direction. From the
viewpoint of suppression of PAPR (Peak-to-Average Power
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4

Ratio), two resource elements adjacent in the time axis
direction are assigned in a set as resources capable of
transmitting CSI-RSs.

In the CSI-RS configuration illustrated in FIG. 1, 40
resource elements are prepared as CSI-RS resources (refer-
ence signal resources). For these 40 resource elements,
CSI-RS patterns are set in accordance with the number of
CSI-RS ports (number of antennas). In each CSI-RS pattern,
one resource element is assigned for CSI-RS per CSI-RS
port. When there are 2 CSI-RS ports, CSI-RSs are assigned
to 2 out of 40 resource elements. Accordingly, in FIG. 1A,
20 CSI-RS patterns are set as indicated by the indexes #0 to
#19 (CSI Configuration=0-19). Note that, for convenience
of'explanation, the same index is added to resource elements
of one pattern.

When the number of CSI-RS ports is 4, CSI-RSs are
assigned to 4 out of 40 resource elements. Accordingly, in
FIG. 1B, 10 CSI-RS patterns are set as indicated by the
indexes #0 to #9 (CSI Configuration=0-9). When the number
of CSI-RS ports is 8, CSI-RSs are assigned to 8 out of 40
resource elements. Accordingly, as illustrated in FIG. 1C, 5
CSI-RS patterns are set as indicated by the indexes #0 to #4
(CSI Configuration=0-4). Note that, in each CSI-RS pattern,
user data is assigned to resource elements where no CSI-RS
is assigned. And, the CSI-RSs are assigned based on the
selected CSI-RS pattern (CSI Configurations) that varies
among cells thereby to prevent interference between the
cells.

Here, in CSI measurement using CSI-RSs, the measure-
ment accuracy is sometimes deteriorated by data interfer-
ence from other cells. For example, in the case illustrated in
FIG. 2A, user data is assigned, in a downlink resource block
of the cell C1, corresponding to the CSI-RSs of another cell
C2. And, user data is assigned, in a downlink resource block
of the cell C2, corresponding to the CSI-RSs of another cell
C1. Such user data becomes an interference component for
CSI-RSs of each cell, which may cause deterioration of CSI
measurement accuracy in a mobile terminal apparatus posi-
tioned on the boundary of the cells C1 and C2.

In order to prevent deterioration of CSI measurement
accuracy due to the assignment position of user data, there
has been studied muting. In muting, as illustrated in FIG. 2B,
no user data is assigned to the resources corresponding to
CSI-RSs of another cell. The downlink resource block of the
cell C1 is subjected to muting corresponding to the CSI-RSs
of the cell C2. And, the downlink resource block of the cell
C2 is subjected to muting corresponding to the CSI-RSs of
the cell C1. With this structure, it is possible to remove
interference components for CSI-RSs due to user data of
another cell, thereby improving the CSI measurement accu-
racy in the mobile terminal apparatus.

Here, a resource subjected to muting may be defined as a
resource to which no data is assigned or a resource to which
data is assigned as far as it does not cause interference with
a CSI-RS of another cell. Besides, a resource subjected to
muting may be defined as a resource that is transmitted with
such transmission power as does not cause interference to a
CSI-RS of another cell.

When a radio base station apparatus notifies a mobile
terminal apparatus of muting, such notification is performed
using a CSI-RS pattern. In this case, muting may be com-
municated in a bitmap format where there is one-to-one
correspondence between an index (CSI configuration) to
number a CSI-RS pattern and presence or absence of muting
(whether or not to perform muting). And, notification of
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muting and notification of CSI-RSs may be performed using
CSI-RS patterns that are different in number of CSI-RS
ports.

FIG. 3 illustrates an example where muting notification is
performed using a CSI-RS pattern when the number of
CSI-RS ports is 4. Here, muting is set for CSI-RS resources
indicated by the indexes #0 and #1 (CSI Configuration=0,
1). In this case, 16-bit bitmap information
[1100000000000000] is given corresponding to an index of
an FDD (Frequency Division Duplex) normal pattern with a
TDD (Time Division Duplex) additional pattern. In the
bitmap information, “1” is set to a resource subjected to
muting, and “0” is set to a resource not subjected to muting.
And, the radio base station apparatus notifies the mobile
terminal apparatus of the bitmap information as well as a
transmission cycle (Duty Cycle) and a subframe offset.

Besides, in FIG. 3, CSI-RS notification is performed
using a CSI-RS pattern where the number of CSI-RS ports
is 2. Here, CSI-RSs are assigned to CSI-RS resources
indicated by the index #1 (CSI Configuration=1) in FIG. 1A.
Accordingly, muting is set to muting resources indicated by
the bitmap information, excluding resources to which CSI-
RSs are assigned. The radio base station apparatus notifies
the mobile terminal apparatus of resources to which CSI-
RSs are assigned as well as the muting information.

Further, in LTE Rel-10, if there is collision between a
subframe to transmit CSI-RSs and a paging-multiplexed
subframe, a SIB (System Information Block) X-multiplexed
subframe, an MIB (Master Information Block)-multiplexed
subframe, a synchronization signal (PSS (Primary Synchro-
nization Signal) or SSS (Secondary Synchronization Sig-
nal))-multiplexed subframe, no CSI-RS is transmitted. The
radio base station apparatus notifies the mobile terminal
apparatus of information of subframes where paging or the
like is multiplexed as mentioned above.

Here, in LTE Rel-10, CSI-RS transmission/muting may
be applied only in consideration of the home cell (cell
connecting to a mobile terminal), but, assuming the inter-
cell coordination technique, such as CoMP, that is to be
studied in LTE Rel-11 or later, the mobile terminal apparatus
needs CSI-RS transmission/muting information of not only
the home cell but also other cells. Then, in order to take
other-cell interference mitigation measures even in consid-
eration of the inter-cell coordination technique such as
CoMP, the present inventors have proposed signaling of
subframe information of other cells, for example, CSI-RS
transmission/muting information. Note that the subframe
information of other cells is not limited to CSI-RS trans-
mission/muting information, but may include other infor-
mation relating to subframes (for example, information of
subframes multiplexed with paging SIBX, MIB and/or syn-
chronization signals) of other cells in consideration of the
inter-cell coordination technique.

For example, in a mobile terminal apparatus to which
CoMP is applied, as illustrated in FIG. 4, information of
CSI-RS transmission/muting is required of not only the
home cell (for example, macro cell #1), but also another cell
(for example, macro cell #2). With this information, it is
possible to take other-cell interference mitigation measures
even in consideration of inter-cell coordination technique
such as CoMP.

That is, the gist of the present invention is to, in a radio
base station apparatus, generate notification information
including subframe information of a home cell and subframe
information of another cell and transmit the notification
information to a mobile terminal apparatus connected to the
home cell as a connected cell and in the mobile terminal
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apparatus, receive the notification information including the
subframe information of the connected cell and the subframe
information of another cell, measure channel quality of the
connected cell using the subframe information of the con-
nected cell and measure channel quality of another cell using
the subframe information of another cell, thereby taking
other-cell interference mitigation measures even in consid-
eration of the inter-cell coordination technique like CoMP.

In the present invention, the subframe information is
information about subframes of another cell in consideration
of the inter-cell coordination technique, or information for
CSI-RS transmission (non-transmission)/muting (CSI-RS/
Muting configuration information) and includes information
of subframes multiplexed with paging, SIBX, MIB (broad-
cast information) and/or synchronization signals, if neces-
sary. Specifically, information of CSI-RS transmission (non-
transmission) is information indicating a subframe to
transmit a CSI-RS or information indicating a subframe not
to transmit a CSI-RS, including a CSI-RS index and a
CSI-RS parameter. Muting information is information indi-
cating a subframe to be subjected to muting, including
muting resource identification information, muting interval
information and muting index.

Here, the subframe information of another cell is infor-
mation of subframes multiplexed with SIBX, MIB and/or
synchronization signals and does not necessarily include
CSI-RS index, CSI-RS parameter, muting resource identi-
fication information, muting interval information and mut-
ing index.

Accordingly, the subframe information of the home cell
includes parameters of CSI-RS/muting of the home cell, and
paging and broadcast information of the home cell, and the
subframe information of another cell includes paging and
broadcast information of another cell. Here, the subframe
information of another cell may include parameters of
CSI-RS/muting of another cell.

Here, description is made about a method of transmitting,
from the radio base station apparatus to the mobile terminal
apparatus, the subframe information of the home cell and/or
subframe information of another cell (notification informa-
tion). The method of transmitting notification information
includes (1) a method using an individual signal and (2) a
method using a broadcast signal. These transmission meth-
ods may be embodied in the following forms of (a) to (d):
(a) subframe information of the home cell and subframe
information of another cell are transmitted in individual
signals, (b) subframe information of the home cell and
subframe information of another cell are transmitted in
broadcast signals, (¢) subframe information of the home cell
is transmitted in an individual signal and subframe infor-
mation of another cell is transmitted in a broadcast signal,
and (d) subframe information of the home cell is transmitted
in a broadcast signal and subframe information of another
cell is transmitted in an individual signal.

(1) When notification information is transmitted in indi-
vidual signals, transmission is performed using RRC CON-
NECTION RECONFIGURATION signals in the processing
procedure illustrated in FIG. 5. In this processing procedure,
first, the mobile terminal apparatus UE transmits a RACH
preamble to the radio base station apparatus eNB. When
receiving the RACH preamble, the radio base station appa-
ratus eNB transmits a RACH response to the mobile termi-
nal apparatus UE. Then, the mobile terminal apparatus UE
transmits RRC CONNECTION REQUEST (Message 3) to
the radio base station apparatus eNB. When receiving RRC
CONNECTION REQUEST (Message 3), the radio base
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station apparatus eNB transmits RRC CONNECTION
SETUP (Message 4) to the mobile terminal apparatus UE.

When receiving RRC CONNECTION SETUP (Message
4), the mobile terminal apparatus UE transmits RRC CON-
NECTION SETUP COMPLETE to the radio base station
apparatus eNB. When receiving RRC CONNECTION
SETUP COMPLETE, the radio base station apparatus eNB
transmits INITIAL UE MESSAGE to a mobility manage-
ment node MME. With this transmission, Authentication and
NAS security procedure are performed between the mobile
terminal apparatus UE and the mobility management node
MME. Then, the mobility management node MME trans-
mits INITIAL CONTEXT SETUP REQUEST to the radio
base station apparatus eNB.

If UE CAPABILITY is not contained in the INITIAL
CONTEXT SETUP REQUEST, the radio base station appa-
ratus eNB transmits UE CAPABILITY ENQUIRY to the
mobile terminal apparatus UE. When receiving UE CAPA-
BILITY ENQUIRY, the mobile terminal apparatus UE trans-
mits UE CAPABILITY INFORMATION to the radio base
station apparatus eNB. Then, the radio base station appara-
tus eNB transmits UE CAPABILITY INFO INDICATION
to the mobility management node MME.

Then, the radio base station apparatus eNB transmits
SECURITY MODE COMMAND to the mobile terminal
apparatus UE. After that, the radio base station apparatus
eNB transmits, to the mobile terminal apparatus UE, RRC
CONNECTION RECONFIGURATION including the noti-
fication information (SI-RS/Muting configuration informa-
tion). Then, as illustrated in FIG. 6, when receiving RRC
CONNECTION RECONFIGURATION, the mobile termi-
nal apparatus UE transmits RRC CONNECTION RECON-
FIGURATION COMP to the radio base station apparatus
eNB. After receiving RRC CONNECTION RECONFIGU-
RATION COMP, that is, after a lapse of ambiguity period,
transmission of downlink data addressed to the mobile
terminal apparatus UE in subframes to transmit CSI-RSa
and transmission stop of downlink data from an adjacent cell
(CSI-RS/muting) are started.

(2) The notification information may be transmitted in
broadcast signals. Note that transmission of notification
information using broadcast signals means transmission of
notification information using subframes multiplexed with
SIBX or transmission of notification information using
subframes multiplexed with MIB.

When receiving the notification information (CSI-RS/
Muting configuration information) transmitted in the above-
mentioned method (1) or (2), the mobile terminal apparatus
UE performs channel quality measurement based on this
notification information. Specifically, the mobile terminal
apparatus UE measures channel quality of the connected cell
with use of the subframe information of the connected cell
and measures channel quality of another cell with use of the
subframe information of another cell.

The radio base station apparatus eNB obtains the sub-
frame information of another cell from a radio base station
apparatus eNB of another cell. For example, the radio base
station apparatus eNB can obtain the subframe information
of another cell from the radio base station apparatus eNB of
another cell via an X2 interface.

In this way, the mobile terminal apparatus UE can obtain
the subframe information of the home cell as well as the
subframe information of another cell. Therefore, it is pos-
sible to take other-cell interference mitigation measures
even in consideration of the inter-cell coordination tech-
nique like CoMP.
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Here, description is made in detail about a radio commu-
nication system according to an embodiment of the present
invention. FIG. 7 is a diagram for explaining a system
configuration of the radio communication system according
to the present embodiment. Here, the radio communication
system illustrated in FIG. 7 is, for example, an LTE system
or a system including SUPER 3G. In this radio communi-
cation system, carrier aggregation is used such that plural
fundamental frequency blocks are aggregated into one band,
each fundamental frequency block corresponding to the
system band of the LTE system. Besides, this radio com-
munication system may be called IMT-Advanced or 4G.

As illustrated in FIG. 7, the radio communication system
1 has base station apparatuses 20A and 20B and a plurality
of first or second mobile terminal apparatuses 10A and 10B
which communicate with the radio base station apparatuses
20A and 20B. The radio base station apparatuses 20A and
20B are connected to an upper station apparatus 30, which
is connected to a core network 40. The radio base station
apparatuses 20A and 20B are connected to each other by
wire connection or wireless connection. The first and second
mobile terminal apparatuses 10A and 10B can communicate
with the radio base station apparatuses 20A and 20B in the
cells C1 and C2, respectively. The upper station apparatus 30
includes, for example, an access gateway apparatus, a radio
network controller (RNC), a mobility management entity
(MME) and so on, but is by no means limited to these.

The first and second mobile terminal apparatuses 10A and
10B include LTE terminals and LTE-A terminals. In the
following description, these are treated collectively as first
and second mobile terminal apparatuses, unless specified
otherwise. Besides, for convenience of explanation, it is
assumed that it is the first and second mobile terminal
apparatuses 10A and 10B that perform radio communica-
tions with the radio base station apparatuses 20A and 20B,
but more generally, the mobile terminal apparatus may be
user equipment (UE) including a mobile terminal apparatus
and a fixed terminal apparatus.

In the radio communication system 1, as radio access
schemes, OFDMA (Orthogonal Frequency Division Mul-
tiple Access) is applied to the downlink, and SC-FDMA
(Single-Carrier Frequency-Division Multiple Access) is
applied to the uplink. OFDMA is a multi-carrier transmis-
sion scheme to perform communication by dividing a fre-
quency band into a plurality of narrow frequency bands
(subcarriers) and mapping data to each subcarrier. SC-
FDMA is a single carrier transmission scheme to perform
communications by dividing, per terminal, the system band
into bands formed with one or continuous resource blocks,
and allowing a plurality of terminals to use mutually differ-
ent bands thereby to reduce interference between terminals.

Here, description is made about a communication chan-
nel.

Downlink communication channels include a PDSCH
(Physical Downlink Shared CHannel) as a downlink data
channel used by the first and second mobile terminal appa-
ratuses 10A and 10B on a shared basis and a downlink LL1/L.2
control channel (PDCCH, PCFICH, PHICH). PDSCH is
used to transmit transmission data and higher control infor-
mation. PDCCH (Physical Downlink Control CHannel) is
used to transmit scheduling information of PUSCH and
PDSCH and so on. PCFICH (Physical Control Format
Indicator CHannel) is used to transmit the number of OFDM
symbols used in PDCCH. PHICH (Physical Hybrid-ARQ
Indicator CHannel) is used to transmit ACK/NACK of
HARQ for PUSCH.
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The uplink communication channels include a PUSCH
(Physical Uplink Shared CHannel), which is an uplink data
channel used by each mobile terminal apparatus on a shared
basis, and a PUCCH (Physical Uplink Control CHannel),
which is an uplink control channel. This PUSCH is used to
transmit transmission data and higher control information.
Furthermore, the PUCCH is used to transmit downlink radio
quality information (CQI: Channel Quality Indicator), ACK/
NACK, and so on.

With reference to FIG. 8, an overall configuration of the
radio base station apparatus according to the present
embodiment will be described. Here, as the radio base
station apparatuses 20A and 20B are the same in structure,
they are treated collectively as a base station apparatus 20.
And, as the mobile terminal apparatuses 10A and 10B are
the same in structure, they are treated collectively as a
mobile terminal apparatus 10. The radio base station appa-
ratus 20 has a transmitting/receiving antenna 201, an ampli-
fying section 202, a transmitting/receiving section (notifying
section) 203, a baseband signal processing section 204, a
call processing section 205 and a transmission path interface
206. Transmission data that is transmitted on the downlink
from the radio base station apparatus 20 to the mobile
terminal apparatus is input into the baseband signal process-
ing section 204, through the transmission path interface 206,
from the upper station apparatus 30.

In the baseband signal processing section 204, a downlink
data channel signal is subjected to PDCP layer processing,
RLC (Radio Link Control) layer transmission processing
such as RLC retransmission control transmission processing
and division and coupling of transmission data, MAC (Me-
dium Access Control) retransmission control, including, for
example, HARQ transmission processing, scheduling, trans-
port format selection, channel coding, inverse fast Fourier
transform (IFFT) processing, and precoding processing.
Furthermore, as with signals of the physical downlink con-
trol channel, which is a downlink control channel, transmis-
sion processing is performed, including channel coding and
inverse fast Fourier transform.

Also, the baseband signal processing section 204 notifies
the mobile terminal apparatuses 10 connected to the same
cell of control information for allowing each of the mobile
terminal apparatuses 10 to wirelessly communicate with the
radio base station apparatus 20, by a broadcast channel.
Broadcast information for communication in this cell
includes, for example, the uplink or downlink system band-
width, identification information of a root sequence (root
sequence index) for generating random access preamble
signals in the PRACH (Physical Random Access CHannel),
and so on.

In the transmitting/receiving section 203, the baseband
signal output from the baseband signal processing section
204 is subjected to frequency conversion processing into a
radio frequency band. The amplifying section 202 amplifies
the radio-frequency signal having been subjected to fre-
quency conversion, and outputs the result to the transmit-
ting/receiving antenna 201.

Meanwhile, as for signals to be transmitted on the uplink
from the mobile terminal apparatus 10 to the radio base
station apparatus 20, a radio frequency signal that is received
in the transmitting/receiving antenna 201 is amplified in the
amplifying section 202, subjected to frequency conversion
and converted into a baseband signal in the transmitting/
receiving section 203, and is input to the baseband signal
processing section 204.

The baseband signal processing section 204 performs FFT
processing, IDFT processing, error correction decoding,
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MAC retransmission control reception processing, and RL.C
layer and PDCP layer reception processing on the transmis-
sion data included in the baseband signal that is received on
the uplink. The decoded signal is transferred to the upper
station apparatus 30 through the transmission path interface
206.

The call processing section 205 performs call processing
such as setting up and releasing a communication channel,
manages the state of the radio base station apparatus 20 and
manages the radio resources.

Next, referring to FIG. 9, an overall configuration of the
mobile terminal apparatus according to the present embodi-
ment will be described. An LTE terminal and an LTE-A
terminal have the same hardware configurations in the
principle parts, and therefore will be described indiscrimi-
nately. The mobile terminal apparatus 10 has a transmitting/
receiving antenna 101, an amplifying section 102, a trans-
mitting/receiving section (receiving section) 103, a
baseband signal processing section 104 and an application
section 105.

As for downlink data, a radio frequency signal received in
the transmitting/receiving antenna 101 is amplified in the
amplifying section 102, and subjected to frequency conver-
sion and converted into a baseband signal in the transmis-
sion/reception section 103. This baseband signal is subjected
to reception processing such as FFT processing, error cor-
rection decoding and retransmission control and so on, in the
baseband signal processing section 104. In this downlink
data, downlink transmission data is transferred to the appli-
cation section 105. The application section 105 performs
processing related to higher layers above the physical layer
and the MAC layer. In the downlink data, broadcast infor-
mation is also transferred to the application section 105.

On the other hand, uplink transmission data is input from
the application section 105 to the baseband signal processing
section 104. In the baseband signal processing section 104,
mapping processing, retransmission control (HARQ) trans-
mission processing, channel coding, DFT processing, IFFT
processing and so on are performed. The baseband signal
output from the baseband signal processing section 104 is
subjected to frequency conversion processing in the trans-
mitting/receiving section 103 and converted into a radio
frequency band, and, after that, the frequency-converted
radio frequency signal is amplified in the amplifying section
102 and transmitted from the transmitting/receiving antenna
101.

With reference to FIG. 10, description is made about
functional blocks of the radio base station apparatus. Here,
the functional blocks shown in FIG. 10 represent processing
substantially performed in the baseband signal processing
section. And, the functional blocks shown in FIG. 10 are
simplified, and needless to say, the baseband signal process-
ing section is equipped with standard parts. Further, in the
following description, it is assumed that an index to identify
a resource where CSI-RS is allocated is called CSI-RS
index.

As illustrated in FIG. 10, the radio base station apparatus
20 has a CRS arranging section 207, a CSI-RS arranging
section 208, a CSI-RS/muting information generating sec-
tion 210, and a broadcast signal/individual signal generating
section 209. The CSI-RS/muting information generating
section 210 has a CSI-RS index generating section 2101, a
muting resource setting section 2102, a muting resource
identification information generating section 2103, a CSI-
RS parameter generating section 2104, a muting interval
information generating section 2105 and a muting index
generating section 2106.
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The CRS arranging section 207 allocates CRSs in CRS
transmission resources in a resource block. The CSI-RS
arranging section 208 allocates CSI-RSs in CSI-RS trans-
mission resources in a resource block in accordance with the
number of CSI-RS ports.

The CSI-RS index generating section 2101 of the CSI-
RS/muting information generating section 210 generates a
CSI-RS index corresponding to the resources where the
CSI-RSs are allocated by the CSI-RS arranging section 208.
The CSI-RS index generated by the CSI-RS index generat-
ing section 2101 is output to the broadcast signal/individual
signal generating section 209 as one of CSI-RS parameters.

The muting resource setting section 2102 sets resources
corresponding to the resources where CSI-RSs are allocated
in a neighbor cell, as muting resources. In this embodiment,
the muting resources may be resources where no data is
assigned or may be defined as resources where data is
assigned as far as no interference is given to CSI-RSs of the
neighbor cell. Further, the muting resources may be
resources that are transmitted with such transmission power
as does not cause interference to CSI-RSs of the neighbor
cell.

The muting resource identification information generating
section 2103 generates muting resource identification infor-
mation to be used in the muting notification method. The
muting resource identification information includes, for
example, bitmap information, muting resource allocation
patterns and so on.

When the muting resource identification information is
transmitted to the mobile terminal apparatus 10, each
resource indicated by the muting resource identification
information is recognized as a muting resource at the mobile
terminal apparatus 10 side. The muting resource identifica-
tion information is output to the broadcast signal/individual
signal generating section 209 as one of muting parameters.

The CSI-RS parameter generating section 2104 generates
parameters such as CSI-RS sequence and transmission
power other than the CSI-RS index. The CSI-RS parameter
generated by the CSI-RS parameter generating section 2104
is output to the broadcast signal/individual signal generating
section 209.

The muting interval information generating section 2105
generates muting interval information indicating a subframe
transmission interval where CSI-RS transmission timings
are matched between cells (muting interval). The muting
interval information generating section 2105 generates mut-
ing interval information based on a transmission cycle of
CSI-RSs obtained from a neighbor cell and a transmission
cycle of CSI-RSs of the home cell. The muting interval
information generated by the muting interval information
generating section 2105 is output to the broadcast signal/
individual signal generating section 209.

The muting index generating section 2106 generates a
muting resource index. The muting index is transmitted to
the mobile terminal apparatus 10, as a substitute for the
muting resource identification information (bitmap informa-
tion, muting resource arranging pattern). The muting index
generated by the muting index generating section 2106 is
output to the broadcast signal/individual signal generating
section 209.

The broadcast signal/individual signal generating section
209 generates a broadcast signal or an individual signal
including the subframe information of the home cell (CSI-
RS index, CSI-RS parameter, muting resource identification
information, muting interval information, muting index of
the home cell, paging information of the home cell (infor-
mation of subframes multiplexed with paging), broadcast
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information of the home cell (information of subframes
multiplexed with MIB or SIB)) and information of sub-
frames of another cell (paging information of another cell
(information of subframes multiplexed with paging) and
broadcast information of another cell (information of sub-
frames multiplexed with MIB or SIB).

In the broadcast signal/individual signal generating sec-
tion 209, (a) when subframe information of the home cell
and subframe information of another cell are transmitted in
an individual signal, the individual signal including the
subframe information of the home cell and the subframe
information of another cell is generated. (b) When subframe
information of the home cell and subframe information of
another cell are transmitted in a broadcast signal, the broad-
cast signal including the subframe information of the home
cell and the subframe information of another cell is gener-
ated. (c) When subframe information of the home cell is
transmitted in an individual signal and subframe information
of another cell is transmitted in a broadcast signal, the
individual signal including the subframe information of the
home cell and the broadcast signal including the subframe
information of another cell are generated. (d) When sub-
frame information of another cell is transmitted in an
individual signal and subframe information of the home cell
is transmitted in a broadcast signal, the individual signal
including the subframe information of another cell and the
broadcast signal including the subframe information of the
home cell are generated.

The transmitting/receiving section 203 transmits CRS,
CSI-RSs and broadcast/individual signals to the mobile
terminal apparatus 10.

FIG. 11 is an explanatory view of the functional blocks
principally for CQI measurement by the mobile terminal
apparatus. Here, the functional blocks shown in FIG. 11
represent processing substantially performed in the base-
band signal processing section. And, the functional blocks
shown in FIG. 11 are simplified for explanation of the
present invention, and needless to say, the baseband signal
processing section is equipped with standard parts.

As illustrated in FI1G. 11, the mobile terminal apparatus 10
has a transmitting/receiving section 103, a CSI-RS/muting
information obtaining section 106, a user data demodulating
section 107, a home cell channel quality measuring section
108, and an other-cell channel quality measuring section
109. The transmitting/receiving section 103 receives CRSs,
CSI-RSs and broadcast/individual signals from the radio
base station apparatus 20.

The user data demodulating section 107 demodulates user
data received through the transmitting/receiving section 103.
The user data demodulating section 107 ignores the muting
resource indicated by the muting resource identification
information and demodulates the user data. This contributes
to improvement of throughput of demodulation processing
and demodulation accuracy. Note that instead of the user
data demodulating section 107, the CSI-RS/muting infor-
mation obtaining section 106 may perform the demodulation
processing of the user data.

The CSI-RS/muting information obtaining section 106
demodulates the individual signal and/or broadcast signal to
obtain the subframe information of the home cell (home cell
CSI-RS index, CSI-RS parameter, muting resource identi-
fication information, muting interval information, muting
index and home cell paging information (information of
subframes multiplexed with paging), home cell broadcast
information (information of subframes multiplexed with
MIB or SIB)), and other-cell subframe information (paging
information of another cell (information of subframes mul-
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tiplexed with paging) and other-cell broadcast information
(information of subframes multiplexed with MIB or SIB)).

The CSI-RS/muting information obtaining section 106
outputs the home cell CSI-RS index, CSI-RS parameter,
home cell paging information, and home cell broadcast
information to the home cell channel quality measuring
section 108. And, the CSI-RS/muting information obtaining
section 106 outputs the muting interval information, muting
index, other-cell paging information, and other-cell broad-
cast information to another cell channel quality measuring
section 109. Note that the CSI-RS/muting information
obtaining section 106 outputs muting resource identification
information to another cell channel quality measuring sec-
tion 109 according to necessary.

The home cell channel quality measuring section 108 uses
the home cell CSI-RS index, CSI-RS parameter, home cell
paging information and home cell broadcast information as
a basis to measure channel quality of the home cell (con-
nected cell) and obtains a home cell CSI from the measured
channel quality. In this case, as the CSI-RS is not multi-
plexed in the subframes multiplexed with home cell paging
information or home cell broadcast information, it does not
measure channel quality and measures channel quality of
CSI-RS of another subframe. The home cell channel quality
measuring section 108 outputs the home cell CSI informa-
tion to the transmitting/receiving section 103.

Another cell channel quality measuring section 109 uses
the muting interval information, muting index, other-cell
paging information and other-cell broadcast information as
a basis to measure channel quality of another cell, and
obtains an other-cell CSI from the measured channel quality.
In this case, as CSI-RS is not multiplexed in subframes
multiplexed with another cell paging information or other-
cell broadcast information, it does not measures channel
quality but measures channel quality with use of a CSI-RS
of another subframe. Another cell channel quality measuring
section 109 outputs another cell CSI information to the
transmitting/receiving section 103. Note that the home cell
channel quality measuring section 108 and another cell
channel quality measuring section 109 may be formed of the
same processing section.

The transmitting/receiving section 103 transmits the
home cell CSI information to the radio base station appa-
ratus of the connected cell and transmits another cell CSI
information to the radio base station apparatus of another
cell.

In such a radio communication system, first, in the radio
base station apparatus eNB, the notification information
(broadcast signal/individual signal) containing the subframe
information of the home cell and the subframe information
of another cell is generated. Then, this notification informa-
tion is transmitted in the broadcast signal and/or individual
signal to the mobile terminal apparatus UE. In the mobile
terminal apparatus UE, the notification information includ-
ing the subframe information of the connected cell and the
subframe information of another cell is received. Next, the
channel quality of the connected cell is measured with use
of the subframe information of the connected cell and the
channel quality of another cell is measured with use of the
subframe information of another cell. Therefore, even in
consideration of the inter-cell coordination technique like
CoMP, it is possible to take other-cell interference mitigation
measures.

In the above-described embodiment, it is configured to
improve estimation accuracy of the channel quality by
adopting muting between cells. However, this configuration
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is by no means limiting. Muting has only to be performed
between areas and, for example, muting may be performed
between sectors.

The present invention is not limited to the above-de-
scribed embodiment and may be embodied in various modi-
fied forms. For example, the installation position of a muting
resource, the number of processing sections, the processing
procedure, the number of muting resources in the above
description may be modified as appropriate without depart-
ing from the scope of the present invention. Any other
modifications may be added as appropriate without depart-
ing from the scope of the present invention.

The disclosure of Japanese Patent Application No. 2011-
001419, filed on Jan. 6, 2011, including the specification,
drawings, and abstract, is incorporated herein by reference
in its entirety.

The invention claimed is:

1. Aradio base station apparatus in a radio communication
system supporting Coordinated Multi-point transmission/
reception (CoMP), wherein:

Channel State Information-Reference Signals (CSI-RSs)

and muting are configured for a plurality of cells,

no CSI-RS is multiplexed in a subframe in which paging

or broadcast information is multiplexed, and
information of the CSI-RSs and muting is transmitted
using an RRC Connection Reconfiguration signal.

2. The radio base station apparatus according to claim 1,
wherein a subframe multiplexed with the broadcast infor-
mation is a subframe multiplexed with System Information
Block (SIB).

3. The radio base station apparatus according to claim 1,
wherein the muting is configured by such transmission
power as does not cause interference to a CSI-RS in a
neighbor cell.

4. A mobile terminal apparatus in a radio communication
system supporting CoMP, wherein:

CSI-RSs and muting are configured for a plurality of cells,

no CSI-RS is multiplexed in a subframe in which paging

or broadcast information is multiplexed, and
information of the CSI-RSs and muting is received using
an RRC Connection Reconfiguration signal.

5. The mobile terminal apparatus according to claim 4,
wherein the mobile terminal apparatus uses the CSI-RSs to
perform channel measurement on the plurality of cells.

6. A radio communication system supporting CoMP com-
prising:

a radio base station apparatus, wherein

CSI-RSs and muting are configured for a plurality of cells

in the radio base station apparatus,

no CSI-RS is multiplexed in a subframe in which paging

or broadcast information is multiplexed in the radio
base station apparatus, and

the radio base station apparatus transmits information of

the CSI-RSs and muting using an RRC Connection
Reconfiguration signal.

7. The radio communication system according to claim 6,
wherein a subframe multiplexed with the broadcast infor-
mation is a subframe multiplexed with SIB.

8. The radio communication system according to claim 7,
wherein the muting is configured by such transmission
power as does not cause interference to a CSI-RS in a
neighbor cell.

9. The radio communication system according to claim 6,
wherein the muting is configured by such transmission
power as does not cause interference to a CSI-RS in a
neighbor cell.



